Aim of the study. The main aim of this study is to attempt to optimize a model of an ice hockey training system for children and youth with respect to the current economic and political conditions and to present the viability of using the analytic hierarchy process (AHP) as an innovative multi-criteria method of solving problems in sport.
Introduction
As early as in the 1980s, efforts were undertaken to organize elements that constitute the theoretical model of training in competitive sport [4] [5] [6] [7] . However, attempts are still being made to create theoretical models that stem from a system-based approach in sports [8] . To date, researchers have considered all elements forming various theoretical models of training to be of equal importance, regardless of the methods used to create these models and how advanced these models are [9] . As a result of the system-based approach and following Smut's idea of holism, Bertalanffy's systems and decision theories, research problems addressed in physical culture are multicriterial. The best-known statistical methods of solving such problems in science include multi-criteria programming, Elimination and Choice Expressing Reality (ELECTRE) [10] , PROMETHEE I and II, MAPPACC, PRAGMA, biological neural network, data envelopment analysis (DEA), elimination [11] , Markov chains [12] , analytic hierarchy process (AHP), and analytic network process (ANP) [1] [2] [3] 11] . Each of these methods has its benefi ts as well as limitations. Recognized Polish and foreign mathematicians who have addressed the subject matter consider AHP and ANP to be the best methods among all of those listed above [2, 3, [13] [14] [15] . While these two methods are not perfect, no better options have been developed so far [13] . For these reasons, the author of this study decided to address the AHP method, which is a tool that aids decision-making. The method itself has already been given considerable attention in Antropomotoryka (Anthropomotorics) [16] and its applications have been discussed [17] .
The conducted research showed how one of the most common methods in the world can be used to solve the multi-criteria problem of optimizing training -----effectiveness in a sports club. Introducing the AHP method into the science of physical culture provides the possibility to organize elements of training according to their importance in a particular decision problem. As it has already been mentioned, before the introduction of AHP, there was no possibility to determine the role of individual elements of the training system in competitive sports [9] .
This study addresses the problem of the continuously diminishing sports results in the MMKS Podhale Nowy Targ sports club. The problem can be brought down to the question, "How effective should the ice hockey training system be?" An analysis of components of the sports training model and of the relationships between them from the perspective of current economic and political conditions in Poland, conducted according to the AHP multi-criteria method developed by the prominent mathematician and psychologist T. Saaty, should provide results that will form the basis for optimization and rationalization of decision-making related to the optimization of the training system for ice hockey players.
Aim of the study
The main aims of the study are as follows: 1. To attempt to optimize the ice hockey training system for children and youth in current economic and political conditions; 2. To demonstrate the viability of using AHP as an innovative multi-criteria method for solving problems in sport.
Material and methods
The study was conducted in 2011 among a group of 11 experts. Each expert was a highly-qualifi ed and experienced coach or athlete. Using the AHP method allowed for a holistic description of the multi-criteria decision problem of optimizing the effectiveness of the training system in the MMKS Nowy Targ club. The experts conducted a series of pair wise comparisons of elements that form the current training system. The problem of optimizing the ice hockey training system was demonstrated using a hierarchical structure and according to the AHP methodology [1] [2] [3] [14] [15] [16] , which has been described in detail in Antropomotoryka (Anthropomotorics) [16] (Figure 1 Subsequently, matrices indicating the importance of individual criteria, such as Motivation, Monitoring, Coordination, and Planning that belong to the Club Management Criterion were created. Finally, matrices panting to the importance of the assumed decisionmaking conditions were created. In other words, these matrices determined the optimal model of training for young Polish hockey players. Alternative training systems comprised:
• the American-Canadian system; • the Czech system; • the Russian system; • the Polish system.
After the matrices of pair wise comparisons were created, eigenvectors of these matrices were calculated. After normalization, the eigenvectors of matrices of pairwise comparisons indicate the relative importance of decision-making elements on each level of the hierarchical structure. These eigenvectors constitute local values of these elements. In turn, the local values constitute the basis for calculating global priorities. Global priorities of elements located on a given level were obtained through multiplying the value of the local priority of a given element by the value of the global priority of its parent element, that is, the element located directly one level above. Values of priorities of decision-making variants were obtained in a similar manner. Figure 1 presents the problem of optimizing the effectiveness of the ice hockey training system by means of a hierarchical tree that includes values of global priorities for individual criteria, sub-criteria, and decisionmaking variants. The value of a global priority determines the role of individual criteria and sub-criteria in conducting effective ice hockey training in the MMKS Podhale Nowy Targ club.
Results
The study found (Figures 1 and 2 ) that the following criteria had the highest global priorities: Sports Competitions (.324), Training (.222), and Recruitment and Selection (.215). In the experts' opinions, the following criteria that determined the training system in the MMKS Podhale Nowy Targ club were the least important: Club Management (.094), Infrastructure (.089), and Biological Regeneration and Rehabilitation (.053).
The obtained results are only partially consistent with Ważny's theoretical assumptions, who placed the Training, Sports Competitions, and Biological Regeneration and Rehabilitation subsystems centrally in his model [4] . Data concerning the effectiveness of training at the MMKS Podhale Nowy Targ club lead to similar conclusions. The experts indicated that Sports Competitions (.324), Training (.222), and Recruitment An analysis of the values of local priorities of individual criteria showed that in the experts' opinions, two sub-criteria had the highest share within the Sports Competitions Criterion (Figure 3 ). These sub-criteria were the Number of Matches per Player (.466) and Type and Signifi cance of Matches (.432). In the experts' views, the number of matches played against a weaker opponent is less important (.186) for the Sports Competitions Criterion. The role of infrastructure in achieving training goals for children and youth remains uncontested. The application of the AHP method determined the role of each sub-criterion within the Infrastructure Criterion. Infrastructure is defi ned here as facilities and sports equipment. The following sub-criteria were found to have the greatest effect on the Infrastructure Criterion: Hockey Rink (.376), Ice Hockey Equipment (.217), Sports Hall (.153) and Gym (.134). Figure 7 shows the relevant data with marked values of local priorities for individual sub-criteria within the Infrastructure Criterion.
The following sub-criteria were found to have the greatest values of local priorities within the Biological Regeneration and Rehabilitation Criterion: Nutrition It is crucial to view all sub-criteria holistically, from the perspective of their effect on the decision-making goal. The AHP method provides such a perspective by determining global priorities. An analysis of the values of global priorities allows decision makers to learn which sub-criteria play a signifi cant role in determining the effectiveness of ice hockey training. The AHP method takes all factors that infl uence such training into account. Figure 9 shows the effects of individual criteria on the main aim of the decision-making process. The application of the AHP method indicated training systems that may constitute viable models for the MMKS Podhale Nowy Targ club (Fig ure 10) .
The obtained data indicate that the CanadianAmerican model would be the optimal training system (.405) for the MMKS Podhale Nowy Targ club, followed by the Russian (.286) and the Czech (.230) systems. The latter two systems are also worth considering for implementation in the club, which is currently experiencing a crisis. The Polish model obtained the lowest value of priority (.076) and should without any doubt be discontinued. The low value of priority of the Polish model shows that the system needs to be modernized. By rejecting this system, the experts also indicated the reason why ice hockey has become stagnant not only in the MMKS Podhale Nowy Targ club, but in all of Poland as well.
Summary
This study addresses the viability of using the AHP method to reach a decision on how to optimize ice hockey training for children and youth. Optimizing the training system in sport, including ice hockey, is not an easy task. It requires taking into account numerous determinants. The method presented in this study allowed these determinants to be fully analysed in order to make an appropriate decision regarding the choice of a training model for the MMKS Podhale Nowy Targ club. Using the AHP also allows decision makers to determine numerical values for the selected decisionmaking criteria, as the system described here involves ascribing each criterion an individual numerical weight. As a result of using the AHP method, all experts concerned about the future of the MMKS Podhale Nowy Targ club were able to express their opinions verbally. These opinions were then converted into numerical values according to Saaty's scale. The method allowed the experts to make decisions on how to solve a problem in a group. It goes without saying that when making decisions in a group, it is diffi cult to combine various functions of values into a single system of preferences. The AHP method indicated mean values of experts' opinions, and ultimately, those elements of training that coaches and activists should pay special attention to in order to improve the functioning of the modern hockey club.
This study shows that using the AHP method in making decisions on how to solve multi-criteria problems related to physical culture is benefi cial. The method constitutes an entirely new approach to the hierarchization of a training structure compared to attempts that have so far been made within the theory of sport [4, 6, 8, 9] . In view of changes that occurred recently, applying the fi ndings of various scientifi c disciplines to
increase the effectiveness of the training system has gained considerable importance in ice hockey, in accordance with systemic thinking. This study demonstrates the vast scope of possibilities offered by the AHP method for solving multi-criteria problems coaches, athletes, and managers faced by. The method allowed experts to ascribe numerical values to criteria related to the effectiveness of the ice hockey training system. It can also aid decision-making regarding other problems in Polish sport.
The study indicated criteria that should especially be taken into account during training. Priorities ascribed to each criterion in this study were as follows, in descending order: Sports Competitions (.324), Training (.222), Recruitment and Selection (.215), Club Management (.094), Infrastructure (.089) and Biological Regeneration and Rehabilitation (.053). In addition, the obtained results indicated the role of individual sub--criteria within each criterion by ascribing values of local priorities to these sub-criteria. It should be noted that within the Sports Competitions Criterion, the Number of Matches per Player and Type and Signifi cance of Matches Sub-criteria obtained high value of local priorities. Optimizing the aforementioned sub-criteria is complicated because the high level of competence of hockey teams in the Podhale region frequently makes it impossible to fi nd an equal opponent in youth competitions and because not all age groups of young hockey players attend competitions conducted in Slovakia. Physical fi tness and personality factors should be paid special attention to during recruitment and selection. This, however, is becoming impossible with the decreasing interest in hockey. Currently, coaches are satisfi ed with the minimal number of players that allows a team to compete at all; they also tend to combine players of different ages into the required four groups of fi ve players each. Only popularizing hockey can improve interest in the discipline enough to allow coaches to conduct selection focused on the aforementioned sub-criteria. Within the Training Criterion, the Coach Preparation Sub-criterion obtained a high value of local priority. This should inform coaches about the need to consistently improve their qualifi cations with respect to training planning and monitoring.
The obtained results pertaining to decision-making variants are worth mentioning here. The low value of priority for the Polish system of training, calculated by averaging the experts' opinions, indicates that the system needs modifi cation. By rejecting this system, the experts also indicated the reason why ice hockey has become stagnant not only in the MMKS Podhale Nowy Targ club, but in all of Poland as well. The results of this study should encourage coaches and managers to consider changing Polish ice hockey training models to those based on methods of organizing and conducting training for ice hockey players that have been successfully implemented throughout the world.
Conclusions
1. The ice hockey training model was created according to the AHP multi-criteria method developed by the prominent American scientist Saaty, and the components and relationships between them were analyzed. The analysis showed that the criteria involved in this study were ascribed the following priorities, in descending order: Sports Competitions (.324), Training (.222), Recruitment and Selection (.215), Club Management (.094), Infrastructure (.089) and Biological Regeneration and Rehabilitation (.053). 2. Analysis of global priorities of individual sub-criteria showed that to improve the training system for young hockey players in the MMKS Podhale Nowy Targ club, the following considerations should be taken into account (in this order): a) increasing the number of played ice hockey matches; b) concentrating on the type and signifi cance of matches; c) coaches preparation; d) increasing hockey players' fi tness; e) rationalizing the tendency to elevate such factors as biological regeneration (sauna, pool and massage), family traditions, and physical treatment to the rank of elementary conditions for achieving success in youth sport. 3. The results of the search for a model system of ice hockey training using the AHP method indicate the need to rethink the current model of training in Poland and allowed the proposed alternative systems to be given the following rank order: a) the Canadian-American model; b) the Russian model; c) the Czech model. 4. The AHP method can and should be used to solve multi-criteria problems related to training and optimization of activities in sport and, more generally, in physical culture.
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